We have created a transgenic mouse line that expresses Cre recombinase under the control of the novel mouse promoter/enhancer D6. We describe the expression pattern of D6-Cre in a Gtrosa26 reporter background as assayed by LacZ activity. The enhancer activity starts at 10.5 days post-coitum in the telencephalon and is at the later embryonic stages highly restricted to the hippocampus and the neocortex. In adult mice D6-derived cells are found in cortical layers II-VI, in the granular cells of the dentate gyrus and in hippocampal fields CA1-CA3. D6-Cre activity is also detected in the ependymal and subependymal zone of the lateral ventricles which is known to harbor neural stem cells.
Results and discussion
We have identified an enhancer element D6 derived from the mouse mDach1 gene which activity is confined to the developing and adult mouse neocortex including the ventricular zone and the hippocampus. D6 expands the available tools for manipulation of the mouse forebrain Hebert and McConnell, 2000; Jin et al., 2000) .
For the present work we have created a transgenic D6-Cre mouse line. This line allows genetic manipulation of the neocortex/hippocampus and lineage tracing of D6 positive cells. To examine the enhancer activity in vivo we crossed the D6-Cre line with the reporter line B6.129S7/Gtrosa26 (Soriano, 1999) . The promoter/enhancer D6 is activated at 10.5 days post-coitum (dpc) and its activity expands through the telencephalon by embryonic day (E)12.5 (Fig. 1A,B) . D6-derived cells remain restricted to the neocortex and hippocampus throughout life (Figs. 1-5 ). In brains from neonate mice, D6-Cre activity was also detected in mammillary nuclei of the ventral hypothalamus and in facial motor nuclei of the brain stem (Figs. 1D and 2F ).
In the newborn hippocampus, LacZ-positive cells are mainly found in the stratum pyramidale; however, a number of cells are also positive in the stratum oriens (Fig. 2E) . The majority of neurons in the stratum oriens and the stratum radiatum of the hippocampus are migratory interneurons derived from the basal ganglia. Only a few scattered D6-positive cells are seen in the stratum radiatum. At the time of birth, pyramidal cells are completing their migration from the ventricular zone to the pyramidal layer and the LacZ 1 cells in the stratum oriens are likely to be migrating pyramidal cells. Accordingly, in the adult brain, only the stratum pyramidalis is D6-Cre-positive (Fig. 3C ). D6-Cre activity is faintly detected in the dentate gyrus of the newborn hippocampus but strongly stained in adults (Figs. 2E, 3A,C and 5A-J).
Cortical layers II-VI clearly express D6-Cre but the molecular layer (cortical layer I) is devoid of the activity both in newborns and adults K and 3A, B) . Sagittal sections reveal a gradient of Cre activity increasing from anterior to posterior . Similarly, we noticed on coronal sections, a dorsoventral gradient of expression declining ventrally D) . We observed a varying degree of LacZ staining in the cortical layers and an extensive granular pattern. It has been reported that LacZ-immunoreactive particles in neurons are located in one or few small perikaryal granules (Friedrich et al., 1993) .
To identify D6-Cre-positive cells in the newborn brain, sections were stained for both LacZ and for the presence of neuron-and astrocyte-specific markers. As depicted in Fig (Fig. 4D) . It has been demonstrated that a population of NSC in mice expresses the astrocyte-specific marker GFAP (Doetsch et al., 1999) . Interestingly, LacZ/GFAP double staining of newborn brain sections (Fig. 4A -C, right panel) reveals that the GFAP 1 cells did not show D6 activity in the periventricular zone. However, in the adult periventricular zone we find a few D6-positive cells that express the astrocyte marker GFAP (Fig. 3E) . This adds to the argument that in vitro culture of D6-derived cells in NSC medium containing basic fibroblast growth factor (bFGF) and epidermal growth factor (EGF) may alter the differentiation potential of the cells.
To characterize D6-Cre/Gtrosa26-derived cells in adult mice, immunostaining with various cell markers for undifferentiated and differentiated cells was carried out. Staining in the hippocampus shows that D6-Cre/Gtrosa26 cells give rise to a spectrum of cells in the pyramidal and granular cell cells in the cortex gradually increases towards layer II (approximately 30% in layer VI, 90% in layer II) and Cre activity is not detected in the molecular layer I. FMN, facial motor nucleus; H, hippocampus; LV, ventricular and subventricular zone; ml, molecular layer; MN, mammillary nucleus; NC, neocortex; OB, olfactory bulb; RMS, rostral migratory stream; so, stratum oriens; sp, stratum pyramidale; sr, stratum radiatum. layer including predominantly nestin-, NeuN-, Gad-and Glu607-positive neurons. There is a partial overlap between D6 1 and GluR 2/3-and KA-R Glu R6/7-positive cells (btubulin III-positive in CA1-CA3 fields but negative in the dentate gyrus, AMPA GluR 2/3-negative). At the inner border of the granule cell layers scattered D6-Cre/Gtrosa26 cells are GFAP-positive (Fig. 5B ).
Materials and methods

Transgenic mouse lines
A XhoI (2233 bp upstream of the ATG) and NotI doubledigest of a genomic clone of mDach1 gene (Caubit et al., 1999 ) released a 5746 bp fragment that was inserted upstream of Cre coding sequence (gift from Ton de Wit) with a SV40-poly(A) signal. D6-Cre was injected into pronuclei of mouse zygotes (strain C57Bl6/CBA F1) according to standard protocols (Hogan et al., 1994) . The reporter LacZ line 129S-Gtrosa26 tm1Sor (Soriano, 1999) was purchased in the Jackson Laboratory (stock no. 003309).
Neural stem cell culture
Forebrains at neonatal stage were dissected with a razor blade and cells mechanically disaggregated in a culture medium. Neurospheres were grown in serum-free medium Neurobasal-A with 1 £ B27 supplement (Gibco-BRL), 2 mM glutamine, penicillin/streptomycin, 10 ng/ml bFGF and 20 ng/ml EGF (R&D Systems), and passaged once or twice a week using Trypsin-Versene (Gritti et al., 2000) . To trigger differentiation of neurosphere-derived cells we plated the cells onto poly-l-lysine-or poly-l-ornithinecoated 24-well plates (Costar) and cultured them for another 5 days in the absence of bFGF and EGF. The mosaic staining is due to a lack of LacZ reporter activity in some cell types in Gtrosa26 mouse line. In vitro differentiated cells, which were derived from D6-Cre-positive neurospheres, were immunostained with the markers b-tubulin (image in the centre) and GFAP (right). It shows the capability of D6-Cre-derived neurospheres to differentiate into both neuronal and glial lineages in vitro. 
